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1
CIRCUIT BREAKER WITH ARC SHIELD

FIELD OF THE INVENTION

The invention relates to circuit breakers in general, and to
a circuit breaker having an arc shield in particular.

BACKGROUND OF THE INVENTION

A circuit breaker is a device that can be used to protect an
electrical circuit from damage caused by an overload or a
short circuit. If a power surge occurs in a circuit protected by
the circuit breaker, for example, the breaker will trip. This will
cause a breaker that is in the “on” position to flip to the “off”
position, and will interrupt the electrical power leading from
that breaker. By tripping in this way a circuit breaker can
prevent a fire from starting on an overloaded circuit, and can
also prevent damage to the device that is drawing the elec-
tricity or to other devices connected to the protected circuit.

A standard circuit breaker has an input and an output.
Generally, the input receives incoming electricity, most often
from a power company. This is sometimes be referred to as the
“line” terminal of the circuit breaker. The output, sometimes
referred to as the “load” terminal, feeds out of the circuit
breaker and connects to the electrical components being fed
from the circuit breaker. A circuit breaker may protect an
individual component connected directly to the circuit
breaker, for example, an air conditioner, or a circuit breaker
may protect multiple components, for example, household
appliances connected to a power circuit which terminates at
electrical outlets.

A circuit breaker can be used as an alternative to a fuse.
Unlike a fuse, which operates once and then must be replaced,
a circuit breaker can be reset (either manually or automati-
cally) to resume normal operation. When the power to an area
shuts down, an operator can inspect the electrical panel to see
which breaker has tripped to the “off” position. The breaker
can then be flipped to the “on” position and power will resume
again.

In general, a circuit breaker has two contacts located inside
of a housing which are used to make and break a connection
between the line and the load. Typically, the first contact is
stationary, and may be connected to either the line or the load.
Typically, the second contact is movable with respect to the
first contact, such that when the circuit breaker is in the “off,”
or tripped position, a gap exists between the first and second
contact, and the line is disconnected from the load.

In circuit breakers that operate by separating contacts, the
energized contacts separate when the circuit breaker is
tripped, causing a gap to widen between the contacts while
the movable contact moves from the closed position to the
open position.

As the contacts begin to separate from a closed position, or
complete closure from an open position, a very small gap
exists between the contacts for a brief time while the contacts
are closed or opened. An electric arc may be generated across
this gap if the voltage between the contacts is high enough.
This is because the breakdown voltage between the contacts
is positively related to distance under pressure and voltage
conditions in typical applications.

The creation of an arc during switching or tripping the
circuit breaker can result in undesirable side effects which can
negatively affect the operation of the circuit breaker, and
which can create a safety hazard.

These effects can have consequences for the operation of
the circuit breaker.
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One possible consequence is that the arc may short to other
objects in the circuit breaker and/or to surrounding objects,
causing damage and presenting a potential fire or electrocu-
tion safety hazard.

Another consequence of arcing is that the arc energy dam-
ages the contacts, causing some material to escape into the air
as fine particulate matter. The debris which has been melted
off of'the contacts can migrate or be flung into the mechanism
of' the circuit breaker, destroying the mechanism or reducing
its operational lifespan.

Another effect of arcing stems from the extremely high
temperature of the arc (tens of thousands of degrees Celsius)
which can crack the surrounding gas molecules creating
ozone, carbon monoxide, and other compounds. The arc can
also ionize the surrounding gasses, potentially creating alter-
nate conduction paths.

What is desired therefore, is a circuit breaker having an arc
shield which addresses these limitations.

SUMMARY OF THE INVENTION

Accordingly, it is an object of the present invention to
provide a circuit breaker having a shielding component.

It is a further object of the present invention to provide a
shielding component for a circuit breaker which prevents an
arc from shorting to a breaker panel or other enclosure.

It is another object of the present invention to provide a
shielding component for a circuit breaker which permits gas-
ses to vent from the circuit breaker.

It is yet a further object of the present invention to provide
a shielding component which protects a mechanism of the
circuit breaker from debris generated by arcing between the
contacts.

These and other objects of the invention are achieved by
providing a circuit breaker which includes contacts config-
ured to touch when closed and separate when opened; a
mechanism configured to open and close the contacts; a hous-
ing enclosing the mechanism and the contacts; a vent dis-
posed to permit gasses to escape the housing; and, a shield
attached to the housing which includes an exterior portion
defining a space around the vent that is external to the housing
and an interior portion extending into the housing. The inte-
rior portion and the exterior portion may be constructed as
one piece.

In some implementations, the housing comprises a mecha-
nism area partially enclosing the mechanism and a contact
area partially enclosing the contacts; and, the interior portion
partially separates the mechanism area from the contact area.

In some implementations, the housing may include two
half-shells which form a cavity therebetween. The shield may
be retained between the two half-shells. One of the two half-
shells may include a channel in which the shield is retained.
One of the two half-shells may include a channel through
which the shield passes. A geometric feature of the shield may
engage one of the two half-shells, retaining the shield in the
housing.

In some implementations, one of the two half-shells may
include a channel having one or more channel angles; and,

the shield may include an extending portion having one or
more shield angles corresponding to the channel angles and
which passes through the channel from an exterior of the
housing to an interior of the housing. In some implementa-
tions, the extending portion mates with the channel and is
retained in the channel.
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In some impelmentations, the housing includes two slots
and the shield includes two legs passing through the slots
from an exterior of the housing through to an interior of the
housing.

In some implementations, a terminal may be engaged with
the shield, and may have a tab which engages a slot in the
shield.

In some impelmentations, the shield include an electrical
insulator, and may include a thermoplastic resin.

In some implementations, the circuit breaker may include
amovable arm, configured to separate the mechanism and the
contacts by cooperating with the interior portion. The mov-
able arm may be configured to separate the mechanism and
the contacts by abutting the interior portion, or may be con-
figured to separate the mechanism and the contacts by over-
lapping the interior portion.

In come implementations, the interior portion and the exte-
rior portion are constructed as one assembly.

Other objects of the invention are achieved by providing a
circuit breaker which includes contacts configured to touch
when closed and separate when opened; a mechanism con-
figured to open and close the contacts; a housing comprising
two half shells which define a mechanism area partially
enclosing the mechanism and a contact area partially enclos-
ing the contacts; a vent configured to permit gasses to escape
the housing; and, a shield attached to the housing which
includes an exterior portion defining a space around the vent
that is external to the housing and an interior portion disposed
inside the housing. Other objects of the invention and its
particular features and advantages will become more appar-
ent from consideration of the following drawings and accom-
panying detailed description.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a cross-sectional view of a circuit breaker having
a shielding component according to aspects of the invention.

FIG. 1a is a cross-sectional view of a second embodiment
of a circuit breaker having a shielding component according
to aspects of the invention.

FIG. 2 is an exploded view of the circuit breaker shown in
FIG. 1.

DETAILED DESCRIPTION OF THE INVENTION

FIG. 1 illustrates an example circuit breaker 100 having a
shielding component 165 according to aspects of the inven-
tion.

Circuit breaker 100 includes a stationary contact 105 con-
nected to a line terminal 110. The line terminal receives
electricity from a power source such as a generator (not
shown), which in some applications is supplied by a power
company.

A movable contact 115 is disposed on a movable contact
arm 120 which can be moved between a closed position and
an open position. In FIG. 1, contact arm 120 is shown in an
open position, with movable contact 115 separated from sta-
tionary contact 105.

The movable contact arm 120 is connected to a tripping
mechanism 140 by a linkage 145. The linkage may include a
spring mechanism (not shown), which is biased to move the
movable contact arm from the closed position to an open
position when tripping mechanism 140 is tripped.

A fault detector 150 is configured to activate the tripping
mechanism 140 when a fault condition occurs, such as excess
current. In some applications, the fault detector is a solenoid.
In this example, if the current through the solenoid exceeds a
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certain level, the solenoid generates an electromagnetic field
sufficient to activate the tripping mechanism 140. The sole-
noid may also optionally incorporate a plunger or other arma-
ture which activates the tripping mechanism when the current
exceeds a certain level.

Itis understood that other fault detection methods may also
be employed, which trip the tripping mechanism 140 upon the
occurrence of a specific condition.

Movable contact 115 is connected to load terminal 195
through fault detector 150 and connector 155. When movable
contact 115 is in a closed position (not shown), stationary
contact 105 and moveable contact 115 are in contact with
each other, and electricity can flow from line terminal 110 to
load terminal 195 through contacts 105 and 115.

A handle 160 is also provided for resetting the tripping
mechanism 140 and for returning movable contact 115 to the
closed position, or for manually tripping the tripping mecha-
nism 140 and for moving movable contact 115 to an open
position.

Arc chute 185 includes a plurality of spaced arc plates, and
is configured to divide and quench an arc arising between
contacts 105 and 115.

Vent 180 is disposed on a side of the arc chute 185 opposite
contacts 105 and 115. Vent 180 may be constructed as an
opening or openings in the housing 10 of circuit breaker 100.

In an example operation, an arc (not shown) generated
between contacts 105 and 115 is drawn into the arc chute 185
and quenched. In some applications, a magnetic or electro-
magnetic element (not shown) may deflect the arc into the arc
chute 185. Gasses and contact debris generated by the arc can
filter through the plates of the arc chute 185 and exit through
vent 180.

In practical applications of the example circuit breaker
100, the location of vent 180 may be constrained by design
considerations such as the geometry and composition of the
circuit breaker housing 10 and any breaker box or other
enclosure (not shown) within which the circuit breaker 100 is
installed.

Under some conditions, vent 180 can provide a pathway for
an arc to short to the breaker box through the vent 180 if the
potential between a contact and the breaker box exceeds the
breakdown voltage between them, and/or exceeds the ability
of'the arc chute to interrupt the arc, for example. This situation
can occur under various conditions such as a severe overcur-
rent, inadequate spacing between the vent and surfaces of the
breaker box, or the presence of suspended particulate matter
or ionized gasses creating a conducting path from a contact to
the breaker box.

To address the problem of arc shorting via the vent 180,
among other purposes, shielding component 165 includes an
arc shield 170 which extends over vent 180 at a distance 190
from vent 180. Arc shield 170 defines a space 191 between the
housing of circuit breaker 100 and arc shield 170, and can
provide several benefits.

In one example application, arc shield 170 prevents circuit
breaker 100 from being installed in a breaker box (not shown)
in a position where the vent 180 would be blocked. This can
have the advantage of ensuring that gasses can vent from
circuit breaker 100.

In another example application, arc shield 170 also pre-
vents circuit breaker 100 from being installed within a
breaker box (not shown) in a position where the contacts 105,
120 or arc chute 185 would be closer than distance 190 to a
surface of the breaker box. This can have the advantage of
reducing the danger of an arc between contacts 105, 120 and
the surface of the breaker box by increasing the breakdown
voltage between these components. This is because break-
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down voltage is positively related to distance under the pres-
sure and voltage conditions in typical applications. Distance
190 can be designed according to the requirements of a spe-
cific application, or may be selected to conform the minimum
distance between live elements and the breaker box (not
shown) specified in applicable standards, such as are promul-
gated by the National Electrical Manufacturers Associa-
tion™ (NEMA™), Underwriters Laboratories™ (UL™),
Canadian Standards Association™ (CSA™) National Fire
Protection Association™ (NFPA™), or other standards or
specifications known in the art for circuit breaker enclosure
geometries. In an example application, distance 190 is 0.5
inches.

In a further example application, arc shield 170 also pre-
vents circuit breaker 100 from being installed in a breaker box
(not shown) in a position where the vent 180 would be closer
than the distances defining space 191 to objects other than
circuit breaker 100 and arc shield 170. This can have the
advantage of enabling space for vented gasses to escape,
expand, diffuse, cool, and/or dilute, preventing damage to
surrounding structures from the gasses or from arcing via a
conductive path formed by undiftused vent gasses or particu-
late matter.

In another further example application, arc shield 170 can
have the advantage of permitting a larger opening for vent 180
than would otherwise be possible, because the arc shield 170
acts as an additional insulative barrier against an arc shorting
to an external object such as a breaker box or other enclosure
(not shown).

To address the problem of damage from arc-generated
contact debris, among other purposes, shielding component
165 may also include a mechanism shield 175 disposed to
prevent or impede debris from migrating into the linkage 145,
tripping mechanism 140, and other parts of circuit breaker
100.

The mechanism shield 175 is configured within circuit
breaker 100 such that when the movable contact arm 120 is in
an open position, the mechanism shield 175 and the movable
contact arm 120 cooperate to partially or fully isolate the
linkage 145, tripping mechanism 140, and other parts of
circuit breaker 100 from the contacts 105, 115, arc chute 185,
and the general area within circuit breaker 100 where arcing
and debris generated by arcing occurs.

When movable contact arm 120 is in the open position,
mechanism shield 175 and movable contact arm 120 may
cooperate to partially or fully isolate the linkage 145, tripping
mechanism 140, and other parts of circuit breaker 100 from
the contacts 105, 115, arc chute 185, and the general area
within circuit breaker 100 where arcing and debris generated
by arcing occurs by lying adjacent to or near one another or by
meeting at the vertex of an angle formed by contact arm 120
and movable contact arm 120. This can also be accomplished
by having the mechanism shield 175 and movable contact
arm abut or overlap each other as shown in FIG. 1a. In some
implementations, movable contact arm 120 touches mecha-
nism shield 175 when it is in an open position. In other
implementations, moveable contact arm 120 terminates near
mechanism shield 175 without touching.

During an example fault condition, contacts 105 and 115
are separated by the operation of circuit breaker 100. Portions
of circuit breaker 100 which contain moving parts and other
mechanisms required for the operation of circuit breaker 100
are protected from the portions of circuit breaker 100 where
arcing and debris are created by the mechanism shield 175 in
cooperation with contact arm 120.

In some implementations, arc shield 170 and mechanism
shield 175 may be constructed as one piece, i.e. shielding
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component 165. This can have the advantage of enabling
these parts to be easily assembled with circuit breaker 100 or
easily supplied as an upgrade or replacement part for circuit
breaker 100. In another implementation, arc shield 170 and
mechanism shield 175 may be incorporated into one assem-
bly or sub-assembly.

FIG. 2 is an exploded view of the circuit breaker shown in
FIG. 1 showing the shielding component 165 and surround-
ing structures, which illustrates aspects of the invention.

Shielding component 165 is shown as one piece forming
arc shield 170 and mechanism shield 175. In some implemen-
tations, the shielding component includes upper leg 225 and/
or lower leg 230.

Half shells 200, 200' can be assembled as shown to form
housing 10. In various implementations, shielding compo-
nent 165 is retained between half shells 200, 200'.

In some implementations, upper leg 225 may extend into
housing 10 through a slot 235 in half-shell 210. In some
implementations, a geometric feature 210 of shielding com-
ponent 165 interacts with a geometric feature 220 ofhalf shell
200 to retain shielding component 165 within housing 10.
Geometric feature 210 may include a bend, angle, or series of
bends or angles in shielding component 165. Geometric fea-
ture 220 may include a bend, angle, or series of bends or
angles in half-shell 200 which mate with or otherwise corre-
spond to geometric feature 210. Geometric feature 220 may
alternatively or additionally include a channel molded or cut
into half-shell 200 which includes bends, angles, or a series of
bends or angles corresponding to geometric feature 210.

In some implementations lower leg 230 passes through a
slot 240 in half-shell 200. In some implementations, a tab 250
of'terminal 110 may engage with a slot 260 in lower leg 230.

Various configurations of geometric features 210 and 220
can be used to retain shielding component 165 within shield-
ing component 165 without departing from the invention.
Optionally, screws, tabs, or other retaining means (not shown)
may be used to retain shielding component 165 within hous-
ing 10.

Half-shell 210" may include various structures correspond-
ing to half-shell 210. For example, geometric feature 210",
slot 235', and slot 240" may each correspond to geometric
feature 210, slot 235, and slot 240 of half-shell 210, respec-
tively. These structures are situated such that when half-shells
210, 210" are assembled, they align. In some implementa-
tions, shielding component 165 is retained within the result-
ing structures.

In other implementations, half-shell 210" does not include
corresponding structures to half-shell 210, but is simply a
cover (not shown). In these implementations, shielding com-
ponent 165 is retained within the structures of half-shell 210
by the cover.

Although the invention has been described with reference
to a particular arrangement of parts, features and the like,
these are not intended to exhaust all possible arrangements or
features, and indeed many modifications and variations will
be ascertainable to those of skill in the art.

What is claimed is:

1. A circuit breaker comprising:

contacts configured to touch when closed and separate
when opened;

a mechanism configured to open and close the contacts;

an arc chute;

a housing enclosing the mechanism, the arc chute and the
contacts;

avent disposed to permit gasses to escape the housing; and,
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a shield attached to the housing which includes an exterior
portion defining a space around the vent that is external
to the housing and an interior portion extending into the
housing.

2. The circuit breaker of claim 1, wherein the interior

portion and the exterior portion are constructed as one piece.

3. The circuit breaker of claim 1, wherein

the housing comprises a mechanism area partially enclos-
ing the mechanism and a contact area partially enclosing
the contacts; and, the interior portion partially separates
the mechanism area from the contact area.

4. The circuit breaker of claim 1, wherein the housing

comprises two half-shells which form a cavity therebetween.

5. The circuit breaker of claim 4, wherein one of the two

half-shells comprises a channel in which the shield is
retained.

6. The circuit breaker of claim 4, wherein

one of the two half-shells includes a channel having one or
more channel angles; and,

the shield includes an extending portion having one or
more shield angles corresponding to the channel angles
and which passes through the channel from an exterior
of the housing to an interior of the housing.

7. The circuit breaker of claim 6, wherein the extending

portion mates with the channel and is retained in the channel.

8. The circuit breaker of claim 1, wherein the housing

includes two slots and the shield includes two legs passing
through the slots from an exterior of the housing through to an
interior of the housing.
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9. The circuit breaker of claim 1, further comprising a
terminal engaged with the shield.

10. The circuit breaker of claim 1, further comprising a
terminal having a tab which engages a slot in the shield.

11. The circuit breaker of claim 1, wherein the shield
comprises an electrical insulator.

12. The circuit breaker of claim 1, wherein the shield
comprises a thermoplastic resin.

13. The circuit breaker of claim 1, wherein the interior
portion and the exterior portion are constructed as one assem-
bly.

14. A circuit breaker comprising:

contacts configured to touch when closed and separate
when opened;

a mechanism configured to open and close the contacts;

an arc chute;

a housing comprising two half shells which define a
mechanism area partially enclosing the mechanism and
acontact area partially enclosing the contacts and the arc
chute;

a vent configured to permit gasses to escape the housing;
and,

a shield attached to the housing which includes an exterior
portion defining a space around the vent that is external
to the housing and an interior portion disposed inside the
housing.



